Traumatic spinal injury is an ongoing community problem. Anatomical stability of the cervical spine depends on the integrity of the bony and ligamentous structures forming the cervical spine. Such stabilising structures are divided into two groups. These are designated anterior and posterior columns. One or both columns may be damaged during traumatic spinal injury. Not all spinal injuries are unstable. Instability may be predicted by viewing anterior-posterior and lateral X-rays of the cervical spine. Cl and C2 injury necessitates special through-mouth views. Instability of the neck requires a different intubation technique. A safe intubation technique is described, the essence of which is to stabilise the neck with longitudinal traction and avoid extension at the fracture site.
The occurrence of traumatic spinal injury is an ongoing community problem. Acute admissions to the Austin Spinal Injuries Unit have risen from an annual case load of 32 in 1956-1957 to 96 in 1982-1983 . The acute death rate (defined as death during the first hospital admission) in the Austin Hospital unit has fallen from 28070 in 1956 to less than 4070 in the period 1974-1982, and to a single acute death in 1982-1983. The medical personnel of first contact are almost invariably a group with little or no acute spinal Injury experience. One of the manoeuvres which medical personnel may be called upon to perform is to intubate such patients. It is the purpose of this paper to set out how to recognise potential instability in a patient with a cervical injury and how to achieve endotracheal intubation with the least risk of further spinal cord damage. *F.F.A.R.C.S., Senior Staff Speciaiisl. "'''F.R.C.S., Orthopaedic Surgeon.
ANATOMY
The cervical spine consists of seven vertebrae articulating above with the basi-occiput and below with Tl. The atlas, which is a thin arch of bone, articulates above with the skull and below with the axis. Flexion and extension occurs between the atlas and the skull. Rotation takes place between the axis and atlas. 1, 2 The axis differs from the typical cervical vertebrae by the presence of the odontoid process which projects cranially from its body behind the anterior arch of the atlas (Figure 1 ). LSKULL FIGURE I ,-Atlas (Cl) and Axis (C2). Flexion and extension of the head occurs between skull and Cl. Rotation occurs between Cl and C2, Below the axis, there is a standard vertebral shape and mechanism of articulation. Vertebral bodies articulate with each other anteriorly via the intervertebral disc and posteriorly via the facet articulation. The ligaments anteriorly and posteriorly complete the articulation between the bones and the basis of a stable spine becomes evident. 3 (1) Anteriorly vertebral intervertebral disc, anterior and longitudinal ligaments.
bodies, posterior
(2) Posteriorly -facet joints, with their capsules, interspinous and supraspinous ligaments. Thus, the stabilising structures can be divided into two groups, anterior and posterior. 3 These groups can be described as the anterior and posterior columns ( Figure 2 ). Thus, during cervical spine trauma, both the anterior and posterior columns must be disrupted for instability to occur. Not all injuries to the cervical spine are unstable. Preservation of the posterior column as occurs in some flexion injuries maintains a stable neck 4 ( Figure 3 ). A compression injury with preservation of both anterior and posterior columns is clearly stable 3 (Figure 4 ). Extension injury ( Figure 5 ), may occur when a motor vehicle passenger, whilst not wearing a seat belt, is thrown forward and the forehead strikes the top of the windscreen. Such a violent injury ruptures the anterior column, producing an injury which is stable in flexion. This injury may be suspected by the presence of the tear drop fracture. ) FIGURE 5 . Extension injury. The posterior column is intact.
This injury is stable in flexion.
Flexion rotation injury ( Figure 6 ), in which both anterior and posterior columns are disrupted, is totally unstable. 3 The skull and upper vert~brae above the dislocation may move independently of the vertebrae below. Thus, inappropriate movement, such as that which will occur during unskilled intubation, may result in further spinal cord damage.
DIAGNOSIS
The diagnosis of skeletal injury to the cervical spine may be suspected clinically. It should always be considered in a patient with head injury or those complaining of neck pain following trauma. Suspicion of neck injury may be confirmed radiologically.
To achieve diagnosis it is essential to have good quality X-rays of the cervical spine, which must include the following views: 
-Line drawing of anterior-posterior X-ray for recognition of Cl, C2 injury. This is a through-the-mouth view.
1. Anterior-posterior: (Figure 7 ). This shows the cervical spine from C 1-T2 and the alignment of the vertebrae, including the spinous processes, can be seen. 2. Through-the-mouth view (Figure 8 ). This view is taken specifically to show the atlas and axis and relationship of the articulations. 3. Lateral (Figure 9 ). This view must show the entire cervical spine, and must include the articulation between C7 and T1. To achieve this aim it may be necessary to pull the shoulders carefully caudally. If this is insufficient then special views need to be taken.
In addition to showing the bony relationship of the cervical vertebrae, the pre-cervical soft tissue area is outlined between the level of the larynx (C3-C6)5 and vertebral bodies. Prevertebral haematoma, which will result in displacement of the larynx, may be seen. Soft tissue widening should alert the anaesthetist to the possibility of laryngeal or pharyngeal haematoma, and an intubation even more difficult than expected. It is essential to demand that the entire cervical spine is viewed radiologically in two planes. Further views such as oblique views are not deemed necessary to define spinal instability (which is the direct interest of the anaesthetist). However, these views are necessary for the orthopaedic surgeon to define the exact relationship of the vertebrae, and in particular, the facet articulations. INTUBATION In performing intubation in patients with a normal head and neck, the anaesthetist flexes the neck and extends the head 6 ( Figure 10 ). This, with the aid of a laryngoscope, brings the axis of the larynx into line with the mouth to allow visualisation of the larynx and subsequent endotracheal intubation.
When the neck is unstable (i.e. ruptured anterior and posterior columns), attempts to Anaesthesia and Intensive Care, Vol. 13 flex the neck and extend the head will result in extension at the fracture site and probable further damage to the spinal cord ( Figure 11 ). Such abnormal movement will occur if the anaesthetist pushes on the head with a pillow below the neck, as in normal intubation technique, or when the laryngoscope blade is elevated when attempting to visualise the glottis. Hence the head and upper cervical spine should be stabilised during attempts at intubation. Cervical injury above the thoracic sympathetic out-flow results in unopposed vagal activity. This often presents as a bradycardia of 40 to 50 beats per minute, a normal occurrence in a patient with spinal injury. Manipulation of the larynx and trachea may result in profound bradycardia and even cardiac arrest. 7 Thus an intravenous dose of atropine 1.2 mg should be given to spinally injured adults before intubation.
Sensitivity to most anaesthetic agents is seen in patients with spinal shock. However, thiopentone, morphine and nitrous oxide have been used at the Austin Hospital for many years with good results. Suxamethonium (0.1-1.5 mg/kg) to facilitate endotracheal intubation may be used safely in spinally injured patients for 48-72 hours after inj ury. After this interval there is an increasing Anaesthesia and Intensive Care, Vol. 13, No. 3, August, 1985 risk of hyperkalaemic cardiac arrest. This risk persists for between six and nine months. 8 ,9 Should rapid muscle relaxation be required to facilitate endotracheal intubation outside the safe period, we have found pancuronium 0.3 mg/kg satisfactory. Blind nasal intubation carefully performed under local anaesthetic has also been used with some success in our unit.
The following recommendations for safe intubation in the spinally injured are made:
1. If possible, empty the stomach with a nasogastric tube before intubation. (Ileus is universal in acute spinal injury.) 2. Examine X-rays of the neck to predict instability.
Set up for a difficult intubation, with
introducers and a range of endotracheal tubes of different sizes. 4. Arrange for longitudinal skull and neck traction. Ideally this will be via head tongs (e.g. Cone Stafford) with a weight of 4 kg for an adult. 5. Pre-oxygenate the patient. 6. Monitor with an ECG to detect bradycardia. 7. Insert an intravenous line, give atropine 1.2 mg intravenously. 8. In elective intubation for neck reduction, give morphine 5-10 mg I. V. about five minutes before intubation. 9. Induce anaesthesia with thiopentone 2-4 mg/kg, applying moderate cricoid pressure at the same time. 10. Give the appropriate muscle relaxant. 11. Intubate the patient without extending the neck. If necessary a small amount of neck flexion by an assistant is relatively safe. If the neck is unstable, attempts to extend the head may result in extension of the neck at the fracture site. This must be avoided, or further cord damage is likely.
DISCUSSION
Acute spinal injury is a regular event in the community. Following such injury, there is an oedema cone at the site of the injury to the cord. This cone tends to ascend and descend. ll Ongoing oedema may result in decreasing respiratory function, due to further muscle paralysis, and necessitate intubation some hours after the initial injury. We believe a vital capacity of less than 15 mllkg is an indication for intubation and ventilatory assistance.
A vital capacity of less than 15 mllkg reflects inadequate chest expansion associated with muscle paralysis, and will rapidly progress to major lobar collapse and respiratory failure.
Quadriplegic patients cannot breathe deeply and lacking functional abdominal musculature, cannot cough. Assisted coughing12 is required to clear the airways. Lobar collapse occurs regularly and may be a further indication for intubation and ventilation.
Orthopaedic manipulation of the cervical spine to achieve anatomical alignment and a long-term stable 13 neck is practised in our unit. It is our policy to reduce cervical dislocations. All manipulations are performed under general endotracheal anaesthesia.
Inexpertly performed intubation may result in an extension of the permanent cord damage. This extension may result in very significantly increased disability in the quadriplegic patient. Loss of function at the hand, wrist or elbow will greatly decrease the patient's ultimate independence.
There is, in addition, a group of spinally injured patients who will require intubation prior to life-saving surgical procedures, e.g. for a ruptured abdominal viscus. We believe only life-threatening situations should be treated in such patients, there being no place for nonurgent surgery in patients with spinal shock.
Fibreoptic intubation has been advocated for difficult intubation. 14.15 This technique certainly has a place in the management of the unstable neck. However, as it requires specially trained personnel and equipment, it is not generally available in many hospitals or emergency situations.
Alternative methods for the difficult intubation have been noted by Payne. 16 Associated injuries of the face may require the use of a local anaesthetic technique. However, with the exception of cases with direct facial injury and spinal injury, we believe full relaxation with general anaesthesia and muscle paralysis will result in easier and safer intubating conditions.
The life expectancy of a quadriplegic patient injured in his late 20's is now at least 30 years. 12 By proper assessment of the stability of a cervical injury, and attention to safe intubating technique, the anaesthetist will become an important member of the team, whose aim is to return the injured patient to the community as an independent person as speedily as possible.
